The potential health hazards of trihalomethanes (THMs) contamination in drinking water in Shenzhen were estimated. The concentrations of THMs in drinking water from 13 centralized water supply systems were determined from Jan 2015 to Dec 2016 in Shenzhen. The water environmental health risk assessment model recommended by USEPA was established based on the water monitoring data of THMs. Preliminary health risks of THMs through ingestion of drinking water were assessed. The median concentrations of THMs, TCM, DBCM, BDCM and TBM in drinking water were 37.0, 24.5, 2.3, 7.8 and 0.3 μg/L respectively. The values of carcinogenic risks for THMs, TCM, DBCM, BDCM, and TBM to the individual per year in drinking water were 4.52 × 10 −5
Introduction
Disinfection is indispensable for drinking water. Chlorine-based disinfectants are the most commonly applied products due to the versatility, effectiveness, low cost and residual disinfecting power of chlorine [1] . However, it is also known that the reactions between free chlorine and DBP precursors (e.g., natural organic matter, bromide ion) lead to the formation of disinfection by-products (DBPs) [2] [3] . In recent years, health risks of DBPs are of concern to people increasingly. Within these DBPs, the trihalomethanes (THMs), a class of carcinogenic organic halogenated by-product of water chlorination, have been recognized as potentially hazardous to human health and are the major by-products of chlorination [4] . THMs are formed due to the reactions between chlorine and the natural organic matter in water supplies, especially surface waters. Typically, the following four THMs are found as a result of chlorination: trichloromethane (TCM), bromodichloromethane (BDCM), dibromochloromethane (DBCM) and tribromomethane (TBM). These groups of compounds have been implicated in liver and kidney defects, central nervous system problems, cardiac arrhythmias and increased risk of carcinogenicity and mutagenicity as Class B carcinogens [5] [6] [7] .
In the narrow sense, health risk assessment (HRA) was one of the key contents of environmental risk assessment emerging after the 1980s, which used risk as an evaluation index to link environmental pollution with human health and quantitatively described the risk of pollution to human health hazards. For the environmental health risk assessment procedures, the most common one is the four-step method published by the American Academy of Sciences in 1983 [8] . The health risk assessment of water environment is mainly for substances harmful to the human body in the water environment. These substances can be divided into two categories, gene toxic substances and somatic toxic substances. With the study on the hazard effects of harmful substances on human health through ingestion, risk models for health risks from carcinogens and non-carcinogens were established [9] [10] [11] .
This study will mainly focus on the hazard studies on THMs in drinking water. In order to understand the sanitary status of drinking water quality and the health risks of THMs in Shenzhen, the concentrations of the chloroform, dibromomethane, dichloromonobromomethane and bromomethane in chlorinated water and tap water from municipal water supply plants in Shenzhen were tested and preliminary health risk assessment was performed according to the USEPA evaluation method.
Materials and Methods

Sample Collection, Determination and Evaluation
Drinking water samples from 13 centralized water supply systems from Jan 2015 to Dec 2016 in Shenzhen were collected, with a total of 52 factory samples and 
Health Risk Model
The The lifetime cancer risk for people living in area study was calculated using the input parameters in Table 2 and the THMs concentrations measured in this study. Table 3 summarizes the reference doses (RfD), cancer group classifications and cancer slope factors (CSF) for the THM components [13] .
Quality Control
In order to ensure the quality of sampling and detection, parallel and blank controls are acquired simultaneously in each sampling. In the analysis process, a blank sample, a parallel sample and a spike recovery test are set up, and it is required that the component to be tested cannot be detected in the blank sample (the actual measurement result meets the requirements). Each batch of samples is tested with parallel quality control samples, and samples with too high or too low detection results are re-examined.
Statistical Methods
Excel 2007 was used for data entry and establishment of a water quality database.
Statistical analysis was performed using SPSS 22.0 software. According to the (Table 4) .
The Concentration of THMs in the Water from Different Seasons
The THMs in the water samples of Shenzhen during the wet season (from April to October) and the dry season (from January to March, November and December) were all qualified. There was no significant difference in the concentrations of the four THMs components in the water samples during the wet and dry seasons (Table 5) .
Concentration of THMs in Factory
Water from Different Water Plants The differences in the concentrations of four THMs in the water from different water plants were not statistically significant (Table 6 ). (Table 7) .
Health Risk Assessment of THMs through
Health Risks of THMs of Factory Water in Different Seasons
It can be seen from Table 8 
Health Risk of THMs of Factory Water in Different Water Plants
According to the health risk assessment model and parameters, the average individual annual risk caused by THMs in the water from the municipal water plants was calculated through oral route, as shown in Table 9 . It can be seen from Ta- 
Discussions
From the concentration of drinking water DBPs in some cities in China reported by Deng et al. [14] , /a, the health hazard index is in the order of TCM, BDCM, DBCM, TBM from high to low. They accounted for 81.77%, 13.59%, 3.99%, and 0.52% of the hazard index respectively.
The average health hazard index produced by THMs through ingestion of drinking water was less than 1, and health indicators of 13 water plants were all below 1. It is expected that it will not cause health damage and meet safety requirements.
Because the water environment health risk assessment system involves many uncertain factors, such as the distribution of pollutants concentration, the exposure level, and the risk tolerance level of different groups of people. All these factors make the evaluation results uncertain to some extent.
This study adopted the USEPA drinking water THMs risk assessment method for human health exposure. For the exposure route, only the average drinking water intake was considered without other exposure pathways. Due to the low boiling point of THMs, except for oral exposure, it also includes skin contact, respiratory vapor inhalation, etc., which actually underestimates the risk of THMs exposure. Shenzhen is located in the south of China. Bathing and swimming are common and the frequency of exposure is high. The carcinogenic risk caused by these pathways cannot be ignored.
Due to the uncertainty of health risk assessment itself, there are no standard exposure parameters for health risk assessment in China. Therefore, the USEPA data is often cited in terms of life expectancy, body weight, water intake and carcinogenic slope factors, choice of reference dose, and cumulative effects of toxic substances on human health hazards. Due to differences in ethnicity and living habits, the parameters are not completely suitable for Chinese residents. According to EPA parameters, there is a certain deviation in the evaluation results. Therefore, the research on the exposure risk of THMs in drinking water in Shenzhen needs further study.
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